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Objective 

To enable a decrease in the sheave diameter while maintaining a prescribed tensile 
strength. 



Constitution 

One wire rope (la) is formed by a rope body (10a), in which four unit ropes (12a) that each 
comprise center stranded wire (12b), formed by twisting together multiple wires (11a), and eight 



peripheral stranded wires (12c) placed around the center stranded wire (12b) are placed tightly 
together side by side in one direction, and by a covering layer (13a) that covers the rope body 
(10a). Aforementioned covering layer (13a) is formed with polyamide resin. 



1 . A wire rope structure characterized in that one wire rope is formed by a rope body, in 
which multiple unit ropes formed by twisting together multiple wires are placed tightly together 
side by side in one direction, and by a covering layer composed of synthetic resin that covers the 
rope unit. 

2. The wire rope structure mentioned in Claim 1 characterized in that the aforementioned 
unit rope is formed by further twisting together a plurality of strands formed by twisting together 
multiple wires. 

3. The wire rope structure mentioned in Claim 1 or 2 characterized in that the 
aforementioned wires consist of high tension hard drawn steel wire. 

4. The wire rope structure mentioned in any of Claims 1 to 3 characterized in that the 
aforementioned synthetic resin is polyamide resin. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

This invention relates to a wire rope structure obtained by twisting together many fine 

wires. 




Claims 



[0002] 
Prior art 

The wire rope (100) structure shown in Figure 6 (cross section) is known. This wire rope 
(100) is formed by rope body (103), which is formed by twisting together a plurality of strands 

(102) , which are collections of wires (101), and by covering layer (1 10) that covers rope body 

(103) . Aforementioned wires (101) are composed of fine hard drawn steel wire of about 0.3 mm <|>. 
for example, and a strand (102) of about 1 .5 mm <|> is formed by twisting together a plurality of 
wires (101). 

[0003] 

With the example shown in Figure 6, strand (102) is formed by 1 wire (101), as the core 
material, placed in the center, 6 wires (101) placed around the core wire, and 12 wires (101) placed 
in a ring outside those 6 wires (101), which is a total of 19 wires (101). Rope body (103) is formed 
by placing 6 of these strands (102) around 1 strand (102) that is the core and twisting them. 
Consequently, wire rope ( 1 00) is comprised of a total of 1 3 3 wires (101). Wire rope ( 1 00) that has 
about a 4 mm <j> is then formed by the rope body (103) composed of the aforementioned 7 strands 
(102) and by covering layer (1 10) that covers the outer peripheral surface of rope body (103). 

[0004] 

Rope body (103) is formed with a collection of multiple wires (101) as described above to 
be able to bend flexibly while maintaining the large tensile strength of hard drawn steel wire. Rope 
body (103) is also covered with covering layer (1 10) to prevent rusting, to securely prevent the 
twist in rope body (103) from coming undone, and to improve contact between the wire rope (100) 
and the pulley. 

[0005] 

In Figure 6, a rope body (103) with 7 strands (102) twisted together is shown, but 3 strands 
(102) twisted together, 19 strands (102) twisted together, or large rope bodies with even more 
strands (102) twisted together are produced according to various applications. 

[0006] 

A wire rope (100) such as this is normally used for drawing or suspending a heavy object, 
but it is also often applied to the internal structure of other machinery and equipment and has a 
broad range of applications. Actual applications include mine cables, the fishing industry, vessel 
mooring, cranes, elevator suspension, for drive power transmission in all types of machinery and 
equipment, for loom heddle drives, etc. 
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[0007] 

Problems to be solved by the invention 

With a wire rope (100) such as described above, the tensile direction is usually changed by 
a pulley, or it used wound on a roller, so the diameter of the pulley or roller is set to the diameter of 
the arc (sheave diameter) formed by wire rope (100) bending. Furthermore, the ratio (D/d) of the 
sheave diameter (D) and the wire rope (100) diameter (d) has a significant relationship to the life of 
wire rope (100) and is an important item in terms of safety. So it is stipulated in all fields in 
consideration of safety. 

[0008] 

So, in the field of looms, for example, a wire rope (100) of about 4 mm <j> as shown in 
Figure 6 is used to suspend the harness and move it up and down, and the diameter of the pulley on 
which wire rope (100) is stretched would have been set to about 200 mm in the past. The harness 
suspended on wire rope (100) via the pulley would generally have been set to repeat an up and 
down movement about 600 times in 1 min. 

[0009] 

However, in recent years, the speed of the up and down movement by the harness has been 
increased to 1000 times or more in 1 min in an attempt to achieve increased productivity. However, 
when the movement up and down by the harness is increased, the number of times that wire rope 
(100). which is laid on the pulley, bends per unit time increases, so wire rope (100) experiences 
fatigue breakage faster than in the past. In the past, the service life of wire rope (100) would have 
been several years, but in contrast, it has been proven that it will break in about 1 year by 
increasing the operating speed of the harness (up and down movement 600 times/min -> 
1000 times/min). 

[0010] 

So, to eliminate the aforementioned problems, increasing the diameter of the pulley as 
compared to the past and decreasing the degree of bending of the wire rope (100) has been 
considered. But this causes a new problem, namely, the cost of the loom components increases and 
this action will not be economically beneficial. 



[0011] 

Above, the problems of a conventional wire rope in the field of looms was explained by- 
citing an example, but in fields other than looms, the same problems exist as long as a wire rope is 
used while laid on a pulley. 

[0012] 

This invention was devised to solve problems such as those described above. Its objective 
is to provide a wire rope with which the sheave diameter can be decreased while maintaining a 
prescribed tensile strength. 

[0013] 

Means to solve the problems 

The wire rope structure mentioned in Claim 1 of this invention is characterized in that one 
wire rope is formed by a rope body, in which multiple unit ropes formed by twisting together 
multiple wires are placed tightly together side by side in one direction, and by a covering layer 
composed of synthetic resin that covers the rope body. 

[0014] 

The wire rope structure mentioned in Claim 2 of this invention is characterized in that the 
aforementioned unit rope in the wire rope structure mentioned in Claim 1 is formed by further 
twisting together a plurality of strands that are formed by twisting together multiple wires. 

[0015] 

The wire rope structure mentioned in Claim 3 of this invention is characterized in that the 
aforementioned wires in the wire rope structure mentioned in Claim 1 or 2 consist of high tension 
hard drawn steel wire. 

[0016] 

The wire rope structure mentioned in Claim 4 of this invention is characterized in that the 
aforementioned synthetic resin in the wire rope structure mentioned in any of Claims 1 to 3 is 
polyamide resin. 

[0017] 

With the wire rope structure mentioned in aforementioned Claim 1 , the rope body is 
formed with multiple unit ropes, which are formed by twisting together multiple wires, placed 
tightly together side by side in one direction. The sheave diameter of the rope body will be the 
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same as the sheave diameter of the unit rope because of this, so the sheave diameter will be smaller 
than that of a wire rope of the past formed with multiple unit ropes arranged in the form of a ring 
around 1 unit rope. 

[0018] 

Therefore, when the rope body mentioned in Claim 1 is used, the pulley diameter can be 
decreased by the amount by which the sheave diameter is smaller than in the past. The component 
cost can be reduced by making the pulley smaller, the space occupied by the pulley can also be 
decreased, and the machinery and equipment that use the rope can be made more compact and the 
freed space can be used effectively. 

[0019] 

The wire rope is also formed by covering the rope body with synthetic resin. So the 
multiple rope bodies that are placed side by side will be made integral by the covering layer, and 
the contact between the wire rope and puliey will be improved by the covering layer. 

[0020] 

With the wire rope structure mentioned in aforementioned Claim 2, the unit rope is formed 
by further twisting together a plurality of strands formed by twisting multiple wires together. So 
the rope body structure will be simpler than when all the wires are twisted together simultaneously 
to produce a rope body. 

[0021] 

With the wire rope structure mentioned in aforementioned Claim 3, high tension hard 
drawn steel wire is used as the wire. So the tensile strength of the rope body formed by twisting 
together multiple wires will be much greater than rope bodies that use other wire material. 

[0022] 

With the wire rope structure mentioned in aforementioned Claim 4, polyamide resin is 
used as the synthetic resin that forms the cover layer. Polyamide resin has excellent flexibility, 
abrasion resistance and tensile strength, so the covering layer can reliably protect the rope body, 
contact with the pulley will be reliably achieved, and further, damage caused by abrasion will be 
reliably suppressed. 
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[0023] 

Embodiment of the invention 

Figure 1 is a cross section that shows a first embodiment of a wire rope structure pertaining 
to this invention, and Figure 2 is a partial cutaway oblique view thereof. As shown in the figures, 
wire rope (1) is formed by rope body (10), that is formed with 3 strands (unit rope) (12) arranged 
with the adjacent strands touching each other and in one direction, and by covering layer (13) that 
covers rope body (10). 

[0024] 

Each of aforementioned strands (12) is formed by 1 wire (1 1) as the core material (core 
wire) placed in the center, 6 wires (11) placed in the form of a ring around the core wire, and 12 
wires (11) further placed in the form of a ring outside the 6 wires (11), which is a total of 19 wires 
(11). 

[0025] 

In this embodiment, hard drawn steel wire of about 0.3 mm § is used for aforementioned 
wire (1 1). Therefore, strand (12) obtained by twisting together 19 wires (1 1) tightly will have 
about a 1 .5 mm f Further, the width of rope body (10) in which 3 aforementioned strands (12) are 
arranged side by side will be about 4.5 mm, and its thickness will be about 1.5 mm. 

[0026] 

Here, for the wire rope structure of this invention, there are no restrictions on the diameter 
of wires (1 1), and a diameter of less than 0.3 mm may be used, or a diameter of 0.3 mm or more 
may be used. There are also no restrictions on the material for wire (11), and any grade of hard 
drawn steel wire (for example, high tension hard drawn steel wire) can be used. Furthermore, 
depending on the application, metal wire other than hard drawn steel wire may also be used. 

[0027] 

A wire rope (1) with a width of slightly more than 4.5 mm and a thickness of slightly more 
than 1.5 mm is obtained by covering layer (13), composed of synthetic resin, being formed around 
the outer surface of this rope body (10). Aforementioned covering layer (13) is formed with 
polyamide in this embodiment. Nylon 12, which is very flexible, is an ideal polyamide. Here, in 
place of polyamide, polypropylene, polyimide, polytetrafluoroethylene, or anything that is flexible 
and tough, can be used as the material for forming covering layer (13). 



[0028] 

Figure 3 is an explanatory diagram viewed in cross section that shows an example of the 
covering apparatus for covering the aforementioned rope body with synthetic resin. Wire rope (1) 
pertaining to this invention is produced by supplying melted synthetic resin around the outer 
surface of rope body (10) in a covering apparatus (2) as shown in the figure. This covering 
apparatus (2) and the method of covering rope body (10) using it are explained hereafter. 

[0029] 

Aforementioned covering apparatus (2) is provided with heat melt tube (21) that heat melts 
thermoplastic synthetic resin (S), a screw feeder (22) furnished inside the heat melt tube (21), a 
cross head (23) furnished at the tip of the screw feeder (22), and a die (3) furnished downstream 
from cross head (23). 

[0030] 

A heater (4) is furnished around the outer surface of aforementioned heat melt tube (21). 
Synthetic resin (S) inside heat melt tube (21) is melted by heating by supplying current to said 
heater. Here, heater (4) is also furnished around the outer surface of cross head (23) and die (3). 
Heat melted synthetic resin (S) inside aforementioned heat melt tube (21) moves downstream 
inside heat melt tube (21) by the rotation of screw feeder (22) on its axis and is supplied into cross 
head (23). Guide tube (31) that guides rope body (10) from the right is mounted fitting inside 
aforementioned cross head (23), and a conical tube (32) with a fine tip is connected to the tip (left) 
of guide tube (31). 

[0031] 

Conical tube shaped melted resin channel (33) is formed between an outer surface around 
aforementioned die (3) and an outer surface around conical tube (32). Melted synthetic resin (S) 
that is extruded from heat melt tube (21) by the rotation of screw feeder (22) is extruded to the 
outside through extrusion hole (3a) provided through the tip surface of die (3) and via 
aforementioned melted resin channel (33). Rope channel (32a) corresponding to the outside 
peripheral shape of rope body (10) is furnished in aforementioned conical tube (32), and the 
periphery of aforementioned extrusion hole (3a) is set to a dimension that is somewhat larger than 
the periphery of aforementioned rope channel (32a). 

[0032] 

When rope body (10) is covered with synthetic resin (S) using a covering apparatus (2) 
such as this, first, rope body (10) is inserted into guide tube (31) and it passes into rope channel 
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(32a) of conical tube (32) and extrusion hole (3a) of die (3). Synthetic resin (S) supplied into the 
heat melt tube (21) at this stage is heated and melted by heater (4). After that, the melted synthetic 
resin (S) is passed into cross head (23) and through melted resin channel (33) and is extruded 
outside through extrusion hole (3a) by rotating screw feeder (22). 

[0033] 

Then rope body (10) protruding outward from extrusion hole (3a) is pulled in the direction 
indicated by the arrow matching the extrusion speed of synthetic resin (S). By so doing, the outer 
peripheral surface of rope body (10) that is pulled out of extrusion hole (3a) is covered with melted 
synthetic resin (S), covering layer (13) is formed around the outer surface of rope body (10). and 
wire rope (1) is obtained by the natural cooling of covering layer (13). 

[0034] 

Wire rope (1) that is manufactured in this way will be flat with covering layer (1 3) formed 
around the outer surface of rope body (10) composed of 3 strands (12) as shown in Figures 1 and 2. 
Also, aforementioned covering layer (13) is formed by supplying melted synthetic resin (S) to the 
surface of rope body ( 1 0) in a compressed state, so the synthetic resin will also get into the spaces 
between wires (11). Because of this, wire rope (1) will have 3 strands (12) firmly integrated by 
covering layer (13), which will give a flat structure that is secure. 

[0035] 

Figure 4 is an explanatory diagram that shows a comparison of the sheave diameter of the 
wire rope in the aforementioned first embodiment and a conventional wire rope. Here, in this 
figure, a cross section of each wire rope is drawn on the right side of the paper. Also, in this figure, 
the wire rope (1) of the first embodiment is indicated by solid lines, and conventional wire rope 
(100a) is indicated by two-dot chain lines. In conventional wire rope (100a), 3 strands (12) with the 
same structure as the first embodiment are twisted together, then covering layer (13a) that is 
circular viewed in cross section is formed by covering with synthetic resin. 

[0036] 

As shown in Figure 4, wire rope (1) pertaining to the first application example is formed to 
be flat viewed in cross section by placing strands (12) side by side, and its long side touches the 
outer peripheral surface of pulley (51). The sheave diameter of wire rope (1) will be sheave 
diameter (LI), which is the same as strand (12), since the thickness in the bending direction is not 
increased due to the fact that strands (12) are placed side by side. In contrast to this, 3 strands (12) 
are twisted together with conventional wire rope (100a), and thus the thickness in the bending 
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direction is about 1 .73 times wire rope (1) in the first embodiment. Therefore, sheave diameter 
(L2) of wire rope (100a) is larger than sheave diameter (LI) of wire rope (1) in the first 
embodiment. A pulley (52) that has a larger diameter (L2) than aforementioned pulley (5 1) will be 
used for conventional wire rope (100a). 

[0037] 

Therefore, when a wire rope is produced using the same number of strands (12) with the 
same structure, despite the fact that the tensile strength is the same, the sheave diameter of wire 
rope (1) pertaining to this invention can be made smaller than conventional wire rope (100a). 
Because of this, a reduced pulley cost can be realized, and equipment that uses wire rope (1) can 
also be made compact. 

[0038] 

Also, if wire rope (1) in the first embodiment is laid on pulley (52) with the conventional 
sheave diameter (L2) unchanged, the amount of bending deformation in wire rope (1) can be 
reduced, so it will be that much more difficult for fatigue breakage to occur in wire rope (1) and its 
service period will be extended. 

[0039] 

Figure 5 is a cross section that shows a second embodiment of a wire rope structure 
pertaining to this invention. In this embodiment, wire rope (la) is formed with 4 unit ropes (12a) 
placed side by side in a row viewed in cross section. Each unit rope (12a) is formed with a total of 
75 wires (11a) (0.12-0.17 mm <j>) that are finer than the wires in the first embodiment, and the unit 
rope (12a) obtained is set to have about a 1.5 mm <|>. 

[0040] 

In this embodiment, 6 wires (11a) (indicated by dots) that are slightly finer than core wire 
(lid) are placed around wire (11a) which is the center (core wire (1 Id)). 6 wires (11a) (indicated 
by left downward hatching) of the same diameter as core wire (1 Id) and 6 wires (11a) (indicated 
by right downward hatching) that are correspondingly finer are further placed in a ring alternately 
and twisted around those 6 wires (11a) [indicated by dots]. A center stranded wire (one strand) 
(12b) is formed by this. 8 peripheral stranded wires (another strand) (12c) (indicated by the white 
circles), that are formed by twisting together 7 wires (11a) that have a diameter intermediate 
between aforementioned wire (lid) and the aforementioned correspondingly fine wires, are 
additionally placed and twisted on the outside of center stranded wire (12b), and one unit rope 
(12a) is formed by this. Therefore, 75 wires (11a) are used for one unit rope (12a). 



11 



[0041] 

Then these unit ropes (12a) are placed side by side so that four adjacent ones will set tightly 
against each other, and rope body (10a) is formed by this. Then wire rope (la) that pertains to the 
second embodiment is formed by forming covering layer (13a) around the outer surface of rope 
body (10a). Therefore this wire rope (la) has a width of just over 6 mm and a thickness of just over 
1.5 mm. A total of 300 wires (11a) is included in such a wire rope (la). 

[0042] 

In the second embodiment, aforementioned center stranded wire (12b) is twisted while 
performing a pretension operation while applying fixed tensile weight to wires (1 la). Therefore, 
the possibility of extension in wires (1 la) is eliminated beforehand, so it will be very difficult for 
center stranded wire (12b) produced by twisting them to extend against a tensile weight. The result 
is that wire rope (la) will be very stable against extension. 

[0043] 

Also, wire rope (la) pertaining to this second embodiment can be applied to suspending a 
harness in the field of looms. Usually, the tensile strength of the wire rope used for harness 
suspension must be 1000 kgf or more, but each unit rope (12a) in the second embodiment has a 
tensile strength of 280 kgf or more. So rope body (10a) in which 4 unit ropes (12a) are used will 
have a tensile strength of 1 120 kgf or more, and the aforementioned requirement can be 
sufficiently satisfied. 

[0044] 

So, if a wire rope (la) such as described above is used to suspend a loom harness, the 
sheave diameter can be set to about 100 mm and it can be less than half of the 200 mm diameter of 
a pulley when a conventional wire rope (100) as shown in Figure 6 is used. Also, with the sheave 
diameter being smaller, it will also be possible to use the outer wheel portion of a bearing as the 
pulley by intentionally not providing a pulley, and the loom component cost can be reduced 
correspondingly by not furnishing a pulley. 

[0045] 

In the embodiments above, a first embodiment where 3 unit ropes were placed side by side 
and a second embodiment with 4 placed side by side were explained in detail, but the wire rope 
structure pertaining to this invention is not limited buy the number of unit ropes placed side by side, 
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which number may be less than 3, or 5 or more. Also, in the first embodiment, wires (11) were 
used that had about a 0.3 mm <|>, and in the second embodiment, wires (11a) that had a 0. 12- 
0. 1 7 mm (f> were used, but wires of other diameters may also be used according to the wire rope 
application. 

[0046] 

Effect of the invention 

With the wire rope structure mentioned in Claim 1 of this invention, the rope body is 
formed with a plurality of unit ropes formed by twisting multiple wires together placed tightly 
together side by side. Thus, the sheave diameter of the rope body will be the same as the sheave 
diameter of the unit rope, so the sheave diameter will be smaller than a conventional wire rope 
where multiple unit ropes are placed overlapped in the form of a ring around one unit rope. 

[0047] 

Therefore, when the rope body mentioned in Claim 1 is used, the sheave diameter will be 
smaller than with a conventional one. By making the pulley smaller, the component cost can be 
reduced, and the space occupied by the pulley can also be decreased, and this is effective for 
making machinery and equipment that use the rope more compact, and for using free space 
effectively. 

[0048] 

The wire rope is also formed with the rope body coated with synthetic resin, so the plurality 
of rope bodies placed tightly side by side will be securely integrated by the covering layer. The 
contact between the wire rope and pulley will also be satisfactory because of the covering layer, 
and this will be a satisfactory situation for applying the wire rope to all types of machinery and 
equipment. 

[0049] 

With the wire rope structure mentioned in Claim 2 of this invention, the unit rope is formed 
by further twisting together a plurality of strands formed by twisting multiple wires together. So 
the rope bodies can be manufactured individually, and their construction will be simpler than when 
a rope body is produced by twisting all the wires together simultaneously. This fact is particularly 
effective for producing large diameter unit ropes. 
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[0050] 

With the wire rope structure mentioned in Claim 3 of this invention, high tension hard 
drawn steel wire is used as the wire. So the tensile strength of the rope body formed by twisting 
multiple wires together will be much greater than a rope body using another wire material. The 
wire rope will be tough, and this will be a satisfactory situation for extending the service period. 

[0051] 

With the wire rope structure mentioned in Claim 4 of this invention, polyamide resin is 
used as the synthetic resin that forms the covering layer. Polyamide resin has excellent flexibility, 
abrasion resistance, and tensile strength. So the covering layer can reliably protect the rope body, 
contact with the pulley will also be reliably achieved, and further, damage caused by abrasion will 
be reliably suppressed. 

Brief description of the figures 

Figure 1 is a cross section that shows a first embodiment of a wire rope structure that 
pertains to this invention. 

Figure 2 is a partial cutaway oblique view of the wire rope structure shown in Figure 1 . 

Figure 3 is an explanatory diagram viewed in cross section that shows an example of a 
cover apparatus for covering a rope body with synthetic resin. 

Figure 4 is an explanatory diagram that shows a comparison of the sheave diameter of the 
wire rope in the first embodiment and the sheave diameter of a conventional wire rope. 

Figure 5 is a cross section that shows a second embodiment of a wire rope structure 
pertaining to this invention. 

Figure 6 is a cross section that shows an example of a conventional wire rope structure. 

Explanation of symbols 



(1) , (la) Wire rope 

(10) , (10a) Rope body 

(11) , (11a) Wire 

(12) Strand (unit rope) 
(12a) Unit rope 

( 1 2b) Center stranded wire (strand) 

( 1 2c) Peripheral stranded wire (strand) 

(13) , (13a) Covering layer 

(2) Covering apparatus 
(21) Heat melt tube 
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(22) Screw feeder 

(23) Cross head 

(3) Die 

(3a) Extrusion hole 

(31) Guide tube 

(32) Conical tube 

(33) Melted resin channel 

(4) Heater 




Figure 2 




Figure 5 
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Figure 6 
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[0 0 0 4 ] n-7°*;f* 1 0 3£±Ec04 0{Z.%< W3i 
110 lco^<rc-flM-f-5W(4, gE»l^co^:t^?l5S 

*fc. d-7"*«:10 3«II1 lOtSit 

SCD[4, 8jSih#&[H , 9. n-7*;£{$l 0 3 C0J8 »J A 5 Wft 
aw&flfelllclJfritU *>o, 7^f ^n-7° 1 0 0 b V- 



[o o o 5] igeci&^-tn, 7*©^j-7vfio2 

£i8 l 9-§-to-ttfcn--7°:fc{fcl 0 3 £#]7F Lfc/4\ 3#co 
^ b?>-Kl 0 2&«S l 9-g-to-li-7 v ct.cO, 19#c0*l-7 

h 7 V K 1 0 2 9 -g-to-ttr ±gto n -7*#ftlc 

[0 0 0 6] :C± 5 ft 7^ -^n— 7*1 0 0(4, fi$, 
fift^I^^?! Lfc?) SSI" •5fcft(Cffli/^?3ti575\ -?:<0 

[0 0 0 7] 

l&mwfc^x. o b-tz>wm\ t:ot, ±1204? 
^7^-^n-7°l 0 0(4, as\ ^-y&^Lt^is 1 ) 

$n-5fc*. 7 > -y j ^n-7WB:@(4, '7l' J rn-7 , l 

ES^-C^S. UA»t>. ->-7'iiL'#Di:'7l' J ra-7'l 
0 0 WSCS d b <Ditm (D/d) (4, C'/to-T'lO 

[0 0 0 8 ] CTxi4HSiao^ifl-*5^t!4, m 

4mm< 1 O7'fto-yi0 0!45|Sv^n5^, r©7 
^ + q-7'1 0 0&^-f5^-yc0iES(4, 1$^, B& 
2 0 0mmKRSSft-C^fc. * tX , 7~VZfrLX 
rcoj; 9^!7-<^rn-7*l 0 0(CffiSf$^Xfc^a#(4, 
l^PolfCSge 0 0(H»±TfitiSr.^ l 5iS1-=fc 5i:^cix 

[0 0 0 9] L^L^^?>, Jfi¥, ^S5t#W±T®J* I 
5>Pp^(C 1 0 0 0(a]jy.±IC^iS'ft:L. rixlCio-C^Mtt 

7*1 o owlOTflS ^ro^[iim^tg»n-t57tA. z 

niCio-C7'fi'n-7°l 0 0(4^^54 *J fc#-<i!g^6S 
^-f-So ^3)5, VAW~y\ 0 0«»ffl¥fc(4i!c^-C 

6 0 0E/»-l 0 0 0E]/») lcJ:9»i¥-C«[»f-f 

[00 101 ^:t, ±E ; FS5-&^'i< ; c9 ir-raif. 

7'-yoiLg&^*4 | 9 fc*:#< u 7-r j rn-7 J io 

0c0^roS-a-^&/J^<-roZi755#x.f>ix5^, -r 

[0011] W±. *««)»»-Cro«3(£ro5"f + 
»f ) u mS(i'0^-rCTSr^(f TJllW Lfc^. a«w^w» 

iif(c^d^^-cfo, 7-r-^D-7°?r7 = -yic^L-cffiffl^ 
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5 pg <o is^roB.m&a^ffi-r 5. 

[0012] *3§!P!f±, -tiaro J: ? &R.m££(5?i*1-5 

?t * s- * £ ft t «o -c-fo <o . Bff ^co § i m *o %m$i l. 
tz±.x->-7'm.'&$:>b£ < 1-5 i t a* ^r«* ? f + n- 

7*fl?it£SHfcTr5r bZBftb LTV>3. 
[0 0 13] 

[36II£fl?ft-f5fc*<a^&] *3§^cDlf#Jf l lEi&co 

ftfc n -yroffiS***-;*^ L-CftiS £ftT 
-CQn-7°**£S*ILfc:£-J#t«tflg 
ft -5 KISS £ IC i. o r 1 *<0 V -f -Y n -7*75* JIM £ 
ftTVN^, - t «r4#mir-t5 tOT-fc^o 
[0 0 14] *:|gB^(Dlf*il2lE«ro'7-<-^n-7'^jt 

{"in-7*!4. «»<0«»&f*9£frtfTJ&£3*ufc* h 
7 y K<Dffl&*£ $ blcJSS <) -S-fr-tf-CJlM Sixths: 

[0 0 15] *36W<B»#*3E*<0!7>r*n-7'«>e 

T, ±IEillS(4, flSS*«*j»-C*>5^i*«rai1-S 

[0016] &mM<om?m4%&m<D7'< j rv-7w& 

(4, fg*JSl7bS3WV^rft^(-fe«W7'<-1rn-yfl? 
5tlc*JV^-C. Jb!££-J*l»ffitt. tfy75 KliffcSr 
<h£ ft® £1" 3 3. 

[0017] ±mim^imm<D9^^ti-ymmi'J: 

titi, n-7"**!4, **roS*S:«S9^to-fr-CiK^$ 
ftfc^fin-T'rofflW^-^fSltC^L-CafeaS^ft'C 
JFM£ft. Zftfc£oTa-7°**ro-:/-7'i:Sl4, ¥ 
fi£n-7^>-7'iE&£ffi— (C&Sfc*, ?£*c0 1*ro 

mzv-yto® v iciiiccowin-7'^^(cia^ftr 

■5. 

[0 0 18] ti£o-C. B#*li2«»ci-7*3|cflEtfflV> 

5 £ , t co J; "9 v—^iEg^'h^ < ftr>1t$)ti\1f 

-f- y coiim&'h ^<t5ct ^"sifier-fo "j , t 1 - y & 

t t>lc, 7°- y #£tf)-c^fc£Ffl&'h£ < * ~ b *5 oj 

ft, fc-io's^fc^rpflcow^iffl^EiftSo 

[0 0 19] Sit, CM-fn-7"',4. n-7"**#-&fS 

co a -7****5 c coffiaJilc J; -oX-mt ZtiZbbk 
ic. ;«fflil:J;ot!7-f n-7°£: 7°- y i:co^(!4 

[0 0 2 0] iiI2sB*9 2t2«co7>f- l rn-y«igirJ: 
ft!4\ HM&n-7 , H, «»©*«Sr489^-i3*-C»sad 
ftfc* h7> K<D®&*££ fcKj»9^to*-CJIM£ft 
•O'Sfc*. -r^-C0OH^Srl^BtlcaS'9^-t)-&rn-7- 
**£o< 3^(cJt^To-7^**coKjgd*'gSI-& 



5. 

[0 0 2 1 ] ±!2IS*Jl3SE®ro l 7'<-\'o-7 J t?ligiri 
ft!4\ LTffiiRrtfflWttasffl^feft-C^SfcJO. 

[0 0 2 2 ] ±|EIt*3S4iE«C0 7^i'n-7 , ffiit!r j; 
ftli, fc«0&»*'f5^fi&WIIB£L"C#y7'5 Ktttffi 

JoiU^I^SO^St-^ft-CV^fc*, SS® (in -7"* 
*Sr«Silc:«ab»5i 1 7*- 'J t roMwg&tta*- 
StUMfffrft, $ 6KJ^I£K£3««^H}c»l$ft 
5„ 

[0 0 2 3 ] 

[3Pj!<DJ£fficD^fi] 01(4, ifWm^^V^^^- 

-SB^O^^^HX-fc-So rftboHlc^-fJ; 7 
^•^n-7'l(i, 3*ro^h7yK 12 

*'|S]icMtS:'rsr t !:(c=tor^s)c$ftfcn-7'**l 0 

fiSSft-CI^S. 
[0 0 2 4] ±IE«-^ h 7 >" K 1 214, ^C/ICgfiS^ft 
7tl*<75S«i L-CCOSiHl 1 t, rcoSHW 

igiSi lco^Pj^ffllwSStt^iSaSftfci 2*co^H 
l l to&fti 9*»^-^l l i:liJ;o-CH5/ix$ft-Cv' 

[0 0 2 5] *HlSJg<i(cioi/>-C(4, ±12^1 K4B§ 

o. 3 mm s><Dmmmtm^^x^^ a %^xz<nm 
m\ icoi 9*zm<m'9&t>-£z>zbiz£<DX'&bti 

tz* h7VKl 2I4BS1. 5mm*i:4otl^. -r L 

*{* 1 0 604f-+ffi(4l& 4 . 5mml:4oT^5ii'o 

[0 0 2 6 ] ft3o, *%m<DV<< J ra-7 > m'&±> 

I I (Dm&izmfefift < . 0. 3mm«*iS(Ob«?;ffi 

i/^-Cfci^L, 0. 3 mm 0 W±cO t> tOSrffl t> i 

v\ mmi irott-«(wo^-ct>K£«:4<, 

B&m^xk£.<<\ 

[0 0 2 7] r«0«t9*n— 7***1 OCO^ffifC-g-jS; 

as 4. 5mm3S, tP^^te^ 1 . 5 mmiit«7-f + n- 
7"l^M5oTV^5. ±IESM®13(4. *^JS?i? 

urs Kort-ct>*«cttn:'ffA/*f7-'ro>'i zasffa-c 

?t*3, 1 3SMt5Wi LTfi, ^y 

r i Kwf-tto o citf y 7*o t- u Ttf y -r ^ k. ^ y -? 
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[0 0 2 8 ] (3 3 (i. ±IEn-y*{$^^5S;tttSi-t-SS 
■f«««K«©-fi«l«:^i-Wrffia©SftMia-e*>5. 

5 9 ^ -t n -7° 1(4, - COH fC^-f i 5 &tt)g£ 

[0 0 2 9] l!2SS£i2li, fR^Jfittro^jSWffis 

zmmmmi- zmmmw.® 2 i 1\ z<nmmm.$i2 1 
fiic&tfibftfc** y 3.7^-^2 2 rco*?y^. 

7-<-?2 Z(D%%imzm.Vbiltz?v*^-y K2 3 
£, :»^d^ 7 K2 3<OTMi]lCiS:rtib*WS:*V 3 

[0 0 3 0] ±lEiDfi?tffi1^ 2 1 ^^-ilSlcitt^t- 
^4^aSctibix, z^roii®(cj;oTAD^S©2 l 

fi0$ifc-*4(4. ^n^^-y K2 3 Joit/^'l' 3 60^1-11 

m^kmibtix^^, ±§HiDf?SiSi»fSi 2 irt-e*p^ 
StLfc^wgsfi, ^ y 3. 7-1- -^2 2 roi fd^s 
9»[HHEKJ:o-cailfiSiHfiB2 l^STSlWSL, 
*n*^y K2 3rtlc:tlM&£ft3J:5K:fcoTl/*3. ± 
E^D^^.y K2 3f*9JCH^C0^75>e>n-7*^:«ci 0 
*»3|-fSSiWff3 lis«3S*n. ;L*>«iJMf 3 105t 

ICfc&OcORSt'g 5 3 2 7>;g;gt£*VC^5o 
[0 0 3 1 ] ±1E*V 3<7)rtJ^ai:RSif : 3 2tf)fl-JlB 

? y 3.7j-?2 2co^\mcx-oxm^mm^i2 

3 3£iio-C;?V 3ro$fcSSSEi;:gK£ftfc#ffi7L3 a«> 
f>^asic^tti$ix5J;9f-^o-C^5„ ±3ERgi'£3 2 
(Clin-^flci 0(7)WIl;B#tlC#j&L7tn-7lil&3 

2 a mm bnxa 9 , ±SEittffi?L 3 a w^/g^#:(i± 

l2o-yfflSS3 2 a cdsHIMMVIX *) h^-XZ <-&mtSc 

[0 0 3 2] CcDjl9ttt&$2£g2&ffl^Tn-7"## 

#<£l 0&ft>lf1f 3 liCffAU Rit^S 2cDn-7'a 
SS3 2 ai'iW 3GD<WttidFL3 a (Cffl-f„ CKOtMg-C 

mmmmn 2 imm&z tiiz&i&mm s &;dn$ t - * 
zttcx^ x mmvimv-timm S £ 9 n 

x~--y K2 3rtfc4.tfigit#tJlliI&3 3 ^ILTWfflH. 

3 art^SicMffi-f 5, 

[0 0 3 3] ^LT, SOMfflil^lC-a-b-tir-C 
St(ii?L3 a^^lC-£fflL-C^5n--7°#(*:i 0 

e> si # a ^ ftfc n 1 o (o^jasiijSK 



[0 0 3 4 ] ;:wj:5tri.-cSii££*Uc7-r^n-7'i 
(4, ® lis <t t/m 2 c^i-j; 5 3*ro7h7>Ki 
2«>?)45B-y*t(:i 0ro*WlBtC&&! 1 3^JFM 
Jlxfcl)tI-ClB«c4otv>5. ^LT, ±E»15JBl 
3(1, SiBUfc^WffiSASftlGEttMi-eo-^fld o 

oaesictt-^ $ rix j&m ^Kt^5fc», -a-^stfli/^^ 

Hi lRflwRJPBKCfcAtlii^ dftt^oT^^n- 

7"i «3*ro^ h7>Ki 2^ffi^@ 1 3 zfrLxmrn 

[0035] 114 ii, ±mmi , Mmm<n?'{ -va-y 

v^^u-ytDmmm^m^^x^^. iztz, znmx 
14, mimmMm<D9j j ru-7'izm%jix'7f;i^ 

©y^f tc-Zl 0 0 a ^I,Siit-*Ltv^. 
©!7^tn-/l0 0alJ, f£ 1 %MfcB<D h<D t W\~ 
fflfitro^ h7VKl 2 60 3*:^^ l 9-a-to-ti'. tOf, £• 

f&mgxmm^xmftm.xFiB'n&mm 1 3 a 
[oo3 6] lt, nut^-r^tc, fsinrntizm 

iZ&ZUVa-T'l 14, 7; h?> Kl 2^32IS:§tu5 

-y 5 i©#t.HEKSstturv^5. ^lt, 

7 p iro->-ySSl4, ^ 2453689: 5 1X5 wi 

vKi 2 t IS] — <n~y-7W.mL 1 tc/j:orv^-5. rlxfc 

SstLT, ft3fe£>!7>r ^rn-7°l 0 0 a (43*cDX h 5 > 
Kl 2j)S|»'3-g-to^^ -*xlcJ;o-Cftff77ft<0J5£-+ 

ffill'><C< tt^l^i£ff?fli'0 r 7'l' J rn-7'l©l. 7 
3f§(C*o-CV>5„ 86 or. 7^tn-7'l00a(O-> 

-yEf£L2f4^3?iS^fl!<7>'7-i'-VD-7"l o->-7 

1 0 0 a(Cli±E7'-y 5 1 J: "J fe*£l^'fIL 2 
57"- y 5 2/^^$tl5„ 

[0 0 3 7] &o-C, fSigtOT. h 7 > Kl 2TI5IC 

®& A5 |S] - r* $> 5 t> e> BJ^ IC % 5 7 ^ +• n - y 
5£3tEW7^irn-7 p l OOaiH t>-7iE 
SSr/hS<1-5rtis-C#, rtLlc t toT7 , -y«^^ 

h«!)>Mt5it tic. !M + n-7 , lfcffl^$3S 

[0 0 3 8 ] 1^60 v— yittfiL 2$rircOS*(C 

[0 0 3 9] [215 14, ^B^I^S^-fn-T'tffigcD 



&2HJS^ffi£^-fKffil2|-r?fe3„ z<nnmMt&\^ s 

tti, ?-ftn-/lall 4*ro¥fio-7'12ai! 

9 fciWV^MIl la (0. 12-0. 1 7 mm*) 
S+-C7 5*«lLTMSft. ft&flfcUMfcn-T'l 2 

a*SB&l. 5mm0(C/£Si 5(C^£$^-CV>5 0 
[0 0 4 0] ^Slfi&gJile&^-CSi, ^tftSHHl 

1 a 1 d) ffi*)\CL-mi 1 d±9fiia>t«B^6 

iwmWki 1 a (,SfiS-Cg^) /J>I2 Sbl-rixPj 

6 ^o^is i i&nm \^L-m. 1 1 d t mm<r>mm 1 1 

SttCffiS^TgRfj^ :Jx6i:J:^tfi«f)^ (- 
©*h?vK) l 2 b^ffM£ix-C^S„ i©*.C.'l»9 
Hi 2 txoS&Kfl-Wfc. ±lBi>»l 1 dfc±Effi£i« 

to $ hTM $ ftfcJlffllSS 9 m (i&<OX Y7*s K) 12 

ft, :hCJ:oTl*0»ttD-^l 2 a*s»«SixT 

U\ 1 ariSffl^ft-O^o 
[0 0 4 1 ] *tT> ;«i9i*aD-^l 2 a (1, 

£;ft„ -ntCto'Cn-T'^ffl 0 a flSflMJft-c^ 
5„ tLt, rCB-T 1 **! 0 a (T^llEIC&g/I 1 
3 a^^$tl5^i:^J;o-C^2^J6^lC«5!7i' 

-yiali i«6mmS, 1 • 5 m 

m&ieftoTI^S. ^ro^ft^'f^n— 7*1 aleii^- 
313 0 0 ^COiHIS 1 1 a ^*iX-C^5o 
[0 0 4 2] ^2HJSfl?SIICSo^T(i. JltfE 1 * 1 <L^9l& 

i2bi±, iSi i a\c-%.(D3\ : & v )tom.zmx.Z7'i' 

y H>-ini(cj:orSiit$ixrv^o Sot. iffgM l 
a (i^ Jicd to V<d ^ligttds ^ £ titzVtm\c ft o 

[0 0 4 3] Sit, Zto$R2ntel&mz9te»V'(-Yn- 

•5e£^-CtS„ lift. ^fcWoffi^Bt LT{£ffl£ft 
S^-fn-TV^ISI^Sli. 1 0 0 0 kg f&.±tf 
R*Six4AS. JB2HlSJBffiO*ffin-7'l 2 att. 1 
*Sd 2 8 0 kg f &,±.<D5\?M*) ; &l%$:fiLX<<"Ztc 
4t> N MD-/12aA:4$ffil^nfco-/WlO 
a fi 1 120kg f ^WSI^^fefi-L-t^SCi: 
left?). ±3E!S*Sr?E»t-fflfci-feco-Cfe5„ 
[0 0 4 4] ^Lt, JiaEcOj;'? ftP^n— 7* 1 a * 



0 Ommlc^Si-Srt/iS-STHEr-fe^. '«»@6!:* 
-f £:>ft , 7'l'-f n-7"l 0 O^ffiiHLfci^g-GO^-ycD 
IS 2 0 0 mm©^»TC 1 5 ^ t 5. *t. 

SrSS;it*< -cfc^r y v-^ro^ft^&T 1 - y t utt 

s£ilft< Ttit^fiSMISJ: 5 lefts. 
[0 0 4 5] K±WSt*3gffiCSSV^-Ctt. HMttn-7V> 
1618*^5 3 *<0^ 1 HiS^ffi i: . 4 #<733!S 

2 fl&ff^fi le o T Piffl le 1£ 93 L fc ^ , ^ i e {?. -5 7 
^^n-7"«^ii, &&£ft5*ffi n -^®*&ieiE;£ 

i\ *fc. tmmimmz&^xn.. nnwo. 

3 mm 0 © ferodSffi^ e>n, IB 2 3lttJgffi^*3^-CI±. 
^ill al40. 12-0. 17mm*(OtiO«fflJ 
^-CV^S*5, 7y^a-7°<Dffl&iej£i:TC;ft,e>JiW<0 

[0 0 4 6] 

ffM $ ftfc Wfc n - 7<nmfc*l> i ® 1 &&& £ ^X Bf& $ 
ft. rftieioTn-T^ftWv'-T'iE&ll, IJMftn- 
T'Wv'-T'iS^tlslCleftS/'c*. l#CD#{in-7cO 
9 lc1S^o¥f2 n -T^St^leS^S LtS^n-CM 
£ftfct££<£7^i'n-7tefcfc^Ti/-7'ia'fifi/hc < 
45. 

[0 0 4 7] tot, iSjfcif llB«c0n-7':£&£ffl^ 

st, ^ofcwj:'9->-7'ia^^^$< ftf. 7*-y 

£ '!> £ < -f 5 - 1 1 c «t o X SB p d p = * h <n f£ ® & 0 "5 # S 
it tie. -/-ytf&frX^-tc-S.ffiZibiK-rZ-tfr 
^f£left<9, n-7 , £«fflLTv>3«fefc!£B<0=>'^* 
H { t . *3 <t v> ^ FhI co il ffl Sr II 5 ± T* fo 
5. 

[0 0 4 8] P^-tn— yii. 

ixSirifcle, e:co|SS®ieJ:or7^i'n-7'i:7'- 
tS^®ieiSffl-f5±-r-»i5-g-ieftS 0 

[0 0 4 9] #&9]c0iB#J£ 2 EScCO "7 -T a -^tSig 

six-cv»5fc», ■r^.x<Dm®z®m^m > )-£t>&xn 

leff^n, X^^^aieftSo :o:itttc*nfi» 

[0 0 5 0] ^R^cOfS*^3HS«cW7'ri'n-7 s ti?it 
A. m!L<»%fo%^&ttXW&£Mzn-7Xfr<D 
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L, *»o. iHffl»!M«:*<-r*±-e#ii5«-C*)S. 

[0 0 5 1] *:^B^cOif*3S4fE@cor7-l'^n-7'Sit 

:/#&*»3*K»SL#5 title, 7-y iroM0>« 

[@1] *^^lc^?,!?'1 , -tn-^'«igro^l^iSff^ 
[H2] HI i\cm-rv4 J r*--?m&<r>-%®%* ®& 

[ii3] a-^pf^f&m^x-mm-rimw^m<o- 

[04] ^lHlS^W!7^-^n-7*0->-yiE@S:, 
[15] *mW\zM%V 4 \v-7Wk<T>%2%m6& 



[H6] ^*(75 7-1'i'a-7'«ig<75-^«r^-t-»fSlllT- 

I, 1a 

10, 10a n— 

II, 11a iSiUS 

12 X (¥{in-y) 

1 2 a *ttn-7' 

1 2 b if 448 0* (* h5VK) 

1 2 c (* 
13, 13a ®SJ1 

2 &&&fi 

2 1 AHIMgiRffi 

22 X?V=L7j-y 

2 3 ?n*~*yK 

3 *v 

3 a tttbTL 

3 1 &mv 

3 2 Piftf 

3 3 »mmmm» 

4 jQ^t-^ 



[01] 



[02] 



[03] 



B4] 




[El 6] 
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